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Abstract 
Light is the medium that makes visual perception possible. The main source of 
natural light in our planet is the sun, and it provides us with the energy needed for life. 
Besides the sun, the moon and the stars light up the Earth to some extent but not 
sufficiently enough to do usual modern-day activities as well as to maintain life on 
earth. In line with human life style improvement, artificial light has become a crucial 
moment for the modern lifestyle.  However, nowadays humanity is facing an ever-
growing urban sprawl; which favours a lot of times spent indoors. In this respect, 
there is a growing interest for the introduction of natural light to buildings.  Therefore, 
there are numerous benefits of natural light usage, especially from the sustainability 
point of view, the impact on the environment and human health.  
The main hurdle in natural light employment for lighting interior spaces is 
how to bring it to spaces which are not visible from the external structure such as 
rooms without exterior walls. There are several principles which offer a solution to 
overcome this problem; however, they may not be as effective as needed, and are 
highly dependent on the building structure. In this thesis work, buildings will be 
divided into two main categories such that the suggested solutions will rely strongly 
on the building’s category. The first category to be considered is single floor 
buildings. The second type will be multi floor buildings, which will start from two 
floors and more. Therefore, solutions for both building types will be considered.  
This thesis is aimed to consider options for interior space lighting by natural 
light and pointing out their benefits as a result.  The types of lighting fixtures and their 
effects when used in interior space designs will be analysed. The suggested solution 
for single floor and multi-floor buildings to bring natural light inside them is by 
installing a system consisting of a collector placed on the roof, which transmits the 
light into the building through a system of pipes and fibre-optics. The designed 
system can supply to each room between 11000-65000 lux. A cost analysis of the 
system was done and compared to previously available solutions. Moreover, different 
implementation techniques will be discussed and a comparison between different 
methods will be presented. In the end, suggestions on how natural lighting can be 
used to maximize the benefits from using such a system like reducing ruining cost of 
buildings and saving the environment will be discussed as well. 
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Chapter 1: Introduction 
During the last decades, light has become an important research topic. The 
field of lighting has been struggling with two prominent forces: energy efficiency and 
lighting quality1. Developments in lighting technologies are offering new possibilities 
for flexible, dynamic and personalized lighting applications. Achievements in 
technology and advanced lighting solutions will be able to provide optimized light 
settings for users depending on time of day, environmental context, type of activity 
and individuals’ state. In other words, such systems should not only meet visual 
requirements, but incorporate psycho-biological needs2. Therefore, industrial 
designers nowadays have to face challenge of designing an attractive, well-lit space 
that uses a minimum amount of energy. The profession of lighting design is largely 
valued for its ability to provide a high quality of light; especially for projects which 
focus greatly on ergonomics and mood.  
Lighting is a critical component in interior spaces because the activities 
intended during design have certain requirements. Typically, environments have two 
types either natural or artificial. In any interior space design, it is assumed that 
window size, orientation, external solar control devices and overall floor plate depth 
are predetermined. Yet, the interior designer still has a critical role to play in creating 
a design that meets day lighting criteria appropriate to visual comfort. Placement of 
the program elements takes into consideration patterns of occupancy, times of use, 
and orientation of the building to determine the availability and best use of daylight in 
relation to the program daylight requirements7. 
Designers should consider qualitative and quantitative aspects related to the 
natural light availability and best way of its employment. In interior design practice, 
sight generally plays a dominant role. Designers mostly pay attention to colour, 
materials, formation, illumination, and so on, therefore, other senses, such as odour, 
hearing, haptic, are not extensively considered. Without considering non-visual senses 
for the design, the interior space would be uncomfortable. In addition to visual 
function, sunlight affects people psychologically and influences health, so the design 
has to be focused on how to increase the level of comfort for the end users with 
respect to all senses.   
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1.1 Motivation  
Considering the limitations of energy sources, as well as, the environmental 
pollution that humanity is facing nowadays, more sustainable and environmentally 
friendly solutions have become the main target for industrial designers3. Energy and 
environmental concerns have made daylight a rediscovered aspect of building lighting 
design. Among these lines, the usage of natural light and the sun’s energy wherever 
and whenever their usage imposes a sustainable and long-term solution. Various 
design exploits have enabled light to reach hardly visible spaces and corners in 
buildings. However, as buildings become larger and more imposing, there are still a 
lot of rooms inaccessible to Natural light. Hence, addressing this issue requires the 
engagement of a multidisciplinary team. The development of light transmission 
technologies coupled with industrial design experience opens a wide horizon of 
solutions to use more natural light inside buildings. Incorporating new technologies 
such as offline solar systems, and solar thermal systems combined with more 
utilization of natural light give a better sustainable solution that can be used 
worldwide1,2,4.  
Not only is electrical lighting responsible for a significant amount of the 
electrical load in commercial buildings, but it is also responsible for the excessive 
cooling loads added when older lighting methods are used 5,6. Utility costs for a 
building can be decreased when day lighting is properly designed to replace electrical 
lighting. Furthermore, as it has been already highlighted in this work, humans are 
affected both psychologically and physiologically by different spectrums provided by 
the various types of light. Day lighting has been associated with improved mood, 
lower fatigue and reduced eyestrain. Hence, industrial designers have a challenging 
task and play an important role in the design of buildings that enhance the usage of 
natural light3,4. 
 
1.2 Objectives 
This thesis assesses an improvement on natural light solutions through 
designing re modelled systems together in order to empower the idea of natural 
solutions usage. In addition, the thesis proposes the possibility of increasing the 
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people’s comfort through adding smart automation options for the system. The thesis 
discusses possible interior solutions in coherence with sun light usage benefits for the 
occupants. Proofing the functional part of the system was applied on the case study of 
a real building. Studying the interior design effect in increasing the system’s 
efficiency was also practiced through a multipurpose building that contains many 
different rooms. The case study treats the point of proving that such a system can be 
effective for complex commercial structures, as well private places. Inside the 
building of the case study there is a supermarket, petrol station, offices, etc. Each unit 
of them needs to be treated differently in lighting considerations and needs to have 
appropriate interior design materials to support the idea of using more natural light. 
 
1.3 Research Methodology 
The research methodology is hence based on the development of a lighting 
system that studies the impact of natural light in interior design. As such, the new 
system combines existing solutions and technologies in this field. During the research 
work on the topic presented, the knowledge and methods in the field were built 
through primary and secondary research phases. Workflow was simulated through 
different platforms and software such as 3ds Max, AutoCAD, Photoshop. Methods of 
work were dynamic through practicing different solutions for each model in the 
system and choosing the solution that maximizes benefits in consideration of 
occupants’ comfort and satisfaction. 
 
1.4 Validation of Concept  
Combination of natural and artificial light should be taken into consideration 
when lighting needs to distribute over some areas. Some parts of the house can rely on 
natural light during the day if available such as hallways and bathrooms and on 
artificial lights during the night time. A special design at the place and creativity in 
the formation of a special internal atmosphere in several ways of lighting can give 
different flavours of the space. For example, by using stained glass, or light sources in 
certain directions to focus the light on a painted wall can give a totally different 
appearance of the interior design. The direction of the light source can also give 
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different feelings regarding whether the space is small or big, and the effect the 
furniture can get to show its beauty.  
Lighting of bedrooms: Usually bedrooms require a cosy and relaxing light 
design so a maximum comfort feeling is achieved, but there are few spots inside each 
bedroom that still require different light behaviours such as dressing places, 
wardrobes and storage areas. Bedroom lights can be achieved by skylight, 
chandeliers, or wall units as necessary. Lighting table decorations in the bedroom 
requires a mirror unit flashing or lighting units moving to control them as the situation 
appropriates for the amount of light suitable for hair brushing or using the toiletry. 
When considering wall steerable, these units will provide the amount of good lighting 
when used on both sides of the bed so that the amount of light in the room can be 
changed upon needs.  This type of lighting also provides more space for other wall 
mount accessories when they are used in bedrooms such using wall clocks or wall 
paintings.  
Lighting of kitchen: Kitchen is a work area at the base, but it also can be a 
place for family gatherings, so lighting must be practical and comfortable at the same 
time. Natural light coming from the roof, if the building is one story, directed down 
will be quite a good idea for the kitchen as mostly the kitchen is used during the day 
time. Taking into account that the kitchen can be a multi-functional area then artificial 
lighting must be designed to meet these functions. The dining table area, or 
preparation service table can be illuminated by units of lighting hanging down and the 
use of socket controls the degree of lighting will allow the use of high and low 
intensities when doing work or cooking food depending on the need. Lighting kitchen 
cabinets using small light sources that can be controlled to adjust the appearance of 
the kitchen cabinets. This allows the kitchen user to have different feelings during the 
day so no routine can be felt at any point. Lighting bottom area reservoirs also helps 
in the cleaning and maintenance tasks that need to be done from time to time.  
There are few considerations when designing a natural light system for 
buildings which can be generally presented as9: 
1) Amount of light needed in each space. The amount of light needed in each 
space is variable with the space function. A proper evaluation of the light amount is 
needed to know if natural lighting is sufficient during the day time or it has to be 
combined with artificial light as well.  
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2) Distribution of natural light resources. Knowing the available natural light 
resources helps in the overall design, as it gives a better distribution of the windows 
and other available resources if any other available. Also, it can help in the design of 
the window sizes as this highly influences the initial cost, and the running costs, as 
well as, the required temperature inside different rooms.  
3) Designing the artificial light system. By knowing all the aspects related to 
natural light the designer can then have a better design of the artificial light system 
inside each room so that an optimization for the initial costs and running costs can be 
achieved.  
In general, the design has to consider weather changes such that it can meet 
the demand when there is not enough natural light available during the day. This can 
be achieved in different ways such as having a smart automated system that can 
switch between natural and artificial light, and the amount of artificial light provided 
during the day and night times upon the user needs.  
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Chapter 2: Literature Review 
Natural sunlight not only supplies illumination, but benefits humans 
psychologically and physically. According to a study by Mass, Jayson, and Kleiber8, 
where lighting approximates the spectral quality of natural sunlight, there is less 
perceptual fatigue and improved acuity. According to Kaplan’s preference theory, 
there are two basic informational needs: understanding and exploration. “The 
combination of these two domains results in four distinct patterns: complexity, 
coherence, legibility and mystery8. Complexity refers to the preference people have 
for patterns that are neither high nor low in information; in a scene, the intricacy of 
the elements. Coherence refers to the sense of order and the degree to which one’s 
attention is directed. Legibility is a notion which basically refers to our ability to form 
a clear mental image of a space and later recall it. Mystery is perhaps the most 
intriguing factor, as it describes not what is there but the degree to which it is 
suggested. 
 
2.1 Requirements for a Good Lighting 
Light requirements in buildings can be broadly summarized as follows5,9: 
Quantity: The light quantity is very important in the interior design. The fact 
that each room function requires a different amount of light; brings into place a more 
sophisticated design for each room.  For example, the light intensity inside dining 
rooms is different from that which is needed in living rooms or bed rooms.   
Quality: Light quality is another important factor in the design process, as end 
user comfort is needed in every lit space, so the following factors are to be 
considered:  
Glow: Light glow is a major factor in light quality. The design of glow level 
goes along with the need for more or less lights per room, which comes back to the 
room's functional needs. 
Brightness (light chromatography appearance): It is the feeling expressed 
by a bright object which is influenced by the surrounding and how the eye adapts to it. 
It is particularly important in regards of sparkling objects and the contrast with 
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neighboring objects; which can provide limitations on what is comfortable or 
accepted. 
Color: Color relates to the light’s wavelength which is an indication of the 
light’s energy. For example, certain colors, which can be referred to as warm, are 
more comfortable to humans than others. 
Direction (the direction of the light): Considering the angle with which the 
light source illuminates the room and the surfaces, and the nature of these surfaces, 
and how this affects the absorption, reflection and refraction of light. 
Continuity: The human eye can be affected directly by the continuity of the 
light, which makes it more stressful to have non-continuous light source. This factor 
is treated differently from one application to another in the design process. 
 
2.2 Optical Comfort 
Light in buildings represents an important element in carrying out the 
activities of life within the interior and architectural spaces. A good architectural 
design requires the need to achieve optical comfort in all spaces and voids, as it 
depends on all the activities of our life, for example: the office room requires a level 
of lighting that is totally different from that which is required to sit in the living room, 
which leads to the process of comfort vision that depends on several factors, 
including: 
The viewer’s eye: The ease of vision for the eye is determined by its ability to 
adapt without stressing the optic nerves. This greatly impacts neurological and 
psychological factors. 
Light level to be achieved: This can be considered as one of the main aims in 
the interior design of lighting. The design has to make sure the best level of vision 
comfort is achieved.  
Lighting sources: The source of the light always plays a major rule in lighting 
systems design, taking into consideration the sustainability of the light source.  
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2.3 Natural Lighting 
The ancient Egyptians invented the upper side lighting since more than three 
thousand years, which appeared in their huge temples such as the temple of Karnak. 
Moreover, they used to light the tunnels and the basements by holes made in the walls 
and ceilings to allow the passage of light and air. The same approach was applied in 
several ancient castles in Jordan such as Ajloun castle, presented in Figure 1. Another 
example, Greeks and Romans adapted similar ideas to enhance natural light utilization 
in their homes and buildings.  
Working hours in the old days before the age of electricity and artificial 
lighting was limited to day time only. People used to wake up in the early morning 
hours to begin their daily work. Usually, sunset was the time at which people ended 
their work; therefore, they were active during daytime when natural lighting was 
available. On the other side, during previous times people used holes, cracks, and 
grooves in their houses to get lighting during the day, then the situation changed with 
the introduction of glass windows in the house to sort out the temperature, wind and 
sunlight. Thus, these concepts became one of the major design rules nowadays to 
provide the best light, and temperature utilization to achieve the best level of comfort. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Usage of natural light in Ajloun castle Jordan 
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2.4 Interior Space Lighting 
Designing the light system in buildings differs from one building to another 
depending on the function of the building. For example, when the light system is 
designed for houses, the designer must take into consideration the function of each 
room. The differences inside homes comes from the fact that people try to make their 
homes as comfortable and as cosy as possible so they can relax and enjoy their family 
life. From a different perspective comes the lighting design in work places or high 
populated buildings as they need high intensity, and bright light to give positive 
feelings and boost the activity of people in these buildings10. This can highly 
influence the productivity. From these two examples the difference in lighting a space 
is highly linked to its function. Therefore, the designer needs to collect all the needed 
data regarding a certain place in order to design the lighting system to it.  
 
2.5 Home Lighting 
Lighting a home should be developed to fit the lifestyle of the occupants. So, it 
is a must to determine the needs for light in every space as appropriate to their 
specific desires. The key point is to take into account the activities that occur in every 
room of the house and the desired atmosphere when considering the light art design 
for each room. An important factor to take into consideration with the optimization of 
the light system is the reflectivity and light absorbing materials inside each room. For 
example, there are paints types and colours that absorb the light or reflect it more than 
others, so an assessment of all colours and objects inside each room has to be 
accounted for9,10.  
From a different perspective, the accessories and attachments of all lights have 
to be selected properly. As in houses it is not expected to have a professional 
technician available at all times when, for example, there is a light bulb that needs to 
be replaced. This highly affects the design of the whole system inside homes such that 
it is user friendly and can meet all the requirements needed. 
Homes should be definitively lit by both natural and artificial light. Both of 
them have advantages and disadvantages. Daylight is an effective stimulant to the 
human body and has benefits for human well-being. Daylight could provide very 
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good visual performance, better than most forms of electric lighting because it can be 
delivered in large amounts ensuring excellent colour perception. On the other hand, 
daylight can cause visual discomfort through glare and distraction as well as by 
producing veiling reflections or shadows. Delivery of daylight would determine the 
effectiveness for visual performance. Artificial light can be more controlled in terms 
of lighting specific areas or is more flexible to be distributed to less accessible areas. 
Although natural light improves human mood, exposure to daylight outdoors can 
cause tissue damage, but allows production of vitamin D. Ultra-violet radiation could 
be eliminated by delivering sunlight through glass but can still have adverse effects on 
people who are sensitive to ultra-violet radiation. The amount of available daylight 
varies according to geographic position, time of day and year, weather and pollution 
levels. Only about 5% of the daylight should be provided into buildings considering 
energy efficiency, because more could generate so much heat requiring usage of air 
conditioners.  In comparison, for electric light, at least 2.5 times more air conditioning 
is needed to cool the heating effect of electric light which produces the same lighting 
level as daylight. Further usage of natural light in some situations could be very 
limited such as museums where damage, called photodegradation, causes bleaching of 
pigments and other harm to irreplaceable art and antiquities.  
Keeping in mind the multi functionality of each room in the house, the smart 
design of lighting combined with the best colours and shapes selections can totally 
change the appearance and the feeling about the house. Since this is a place that needs 
to be cosy when needed, and active at other instances, then a flexible lighting system 
is highly appreciated in the interior design of homes. 
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2.6 Existing Concepts of Transporting Natural Light into a 
Building 
There are different ways in which natural light can be transferred to buildings. 
Most common in commercial applications are:  
1) Windows and sun roof and  
2) Advanced approaches which involve  
a) High reflective pipe channels.  
b) Optical fibres approach. 
 
2.6.1 Windows and sun roof 
The most common way of providing the sun light into buildings is by using 
windows, or having a sun roof in the middle of the building as shown in Figure 2 
below . These methods can be effective transfer of natural light for a certain limited 
spaces or distances. With these conventional methods the natural light can be insured 
to enter the space without the need for any extra systems, equipment, or tools. Also, 
these methods are considered the cheapest in terms of the price as it is the regular case 
to have windows and it is so often to have sun roofs or panoramas in the middle of big 
buildings. The main challenge comes whenever there is a space with no windows, or 
spaces that are found underground such as parking garages. These spaces are either 
underground so opening windows is impossible or inside big buildings such that they 
cannot have an access to a window.  
12 
 
 
Figure 2: Usage of the sun light via sun roof windows a) left private house b)right 
Pinakothek der Moderne museum in München. 
2.6.2 Advanced approaches 
Advanced approaches involve usage of sun light collectors and sun light 
transfer systems to the desired space. Typical collectors are presented in Figure 3 
below. 
 
Figure 3: Light collectors used by different providers a) left solartube collector b) right 
SolarPoint collector 
The collector presented in Figure 3 above left is widely used in systems that 
use ducts to transfer the light up to 6 meters directly to rooms without the need for 
optical fibres and internal reflectors. The dome shaped collector tries to absorb the 
light and transmit it from different angles to increase the light collection efficiency. 
Some of the companies that use such a system are Solatube and Natural lights energy 
which are found in USA and Canada. This system is usually a low-cost system but 
requires a duct for each light outlet inside the room, with peak lumens below 1000 
lumens. The system shown in Figure 3 right above is considered as one of the best 
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solutions to collect the day light and focus it to a certain plane. It is usually used with 
fibre optic cables. This system can peak at 25000 lumens when the sun is 
perpendicular on it. The system is sold by Solar Point and has several providers in 
USA and China.  
 
2.6.2.1 High reflective pipe channels 
In the first approach, natural light is transferred through mirror like pipe 
channels. Usually this system is used in single floor buildings where the pipe channels 
can be installed directly between the roof and the ceiling of the building. The pipe 
channels pass through the attic to top of each room. Below the advantages and 
disadvantages of the system are discussed: 
 
Advantages: 
1) Low cost compared to other methods that use fibre optics for light transmission. 
2) Low maintenance costs for the system itself. 
3) Can transfer large amounts of light depending on the pipe diameters.  
4) No heating effect occurs in the pipe channels as this method depends on the light 
reflection inside the pipe channel 
5) The light is transferred to dome shape ends that are responsible for diffusing the 
light into the room at different directions and angles. 
 
Disadvantages:  
1) This system cannot be used in multi-story buildings, unless used in the highest 
floor, which can be dealt with as a single floor building. 
2) May not provide sufficient light during the day, as the light collection strongly 
depends on the sunlight incidence angle.  
3) Several openings have to be made in the building roof as each light outlet inside 
each room requires its own pipe channel. Therefore, this system can cause structural 
weakness in the roof, or can cause water leaks inside the buildings in heavy rain or 
heavy snow conditions.  
4) There is a limit on the pipe channel length after which the light can no longer be 
transferred efficiently without facing large losses.  
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For this system, there are a few suppliers worldwide that work on the 
installation of the system. A well-known company called HUVCO in the United 
States of America is already selling this type of system to both large and small 
buildings. There is another company in Slovenia called Solatube International Inc. 
which is dealing with similar approaches. Solatube International Inc.’s pipes are 
implemented in this project as will be shown later. With the installation of such a 
system in a building; few direct advantages can be gained. First of all, this system 
allows natural light to be transferred inside buildings which plays a major role in 
people’s health. Also, it can reduce the electricity bill associated with the artificial 
light usage. A schematic representation of the main concept idea is shown in Figure 4 
below.  
 
Figure 4: Natural light transfer system presented by Solatube company. 1 - 
Capture zone, 2 - transfer zone, 3 - delivery zone. 
The presented system is composed of three zones. The first one is related to 
the capture zone which represents an outer dome. The second represents a transferring 
zone where a high reflective material is applied to transfer the light along the tube. 
The third zone is related to the delivery zone of the light. 
2.6.2.2 Optical fibres approach 
The second approach relies on using pipes to host optical fibre cables in them. 
This approach does not require the need for high reflective pipe channels as in the 
first approach. The pipe channels here are used as a host space, and guidance channels 
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to install fibre optics from the roof to different rooms that need natural lighting. 
Usually there is a bunch of optical fibres in each bundle. Regular bundles have six 
fibre optic lines inside them. Usually for each light installation it is required to have 2-
3 optical lines depending on the light intensity required in each room or light. With 
this method the rest of the optical fibre bundle can be either sent to another room in 
case it is required to light up small rooms, or can be attached to another light fixture if 
the room is too big and requires more than one light source inside it.  
In this system a light concentrator is required. This light concentrator collects 
the light from dome shaped collectors that gather maximum light rays into the optical 
fibres.  
Once the light is collected and directed inside the optical fibres it can be 
transmitted efficiently to the other end of the fibre optic lines with minimum losses. 
This system in general is more effective than the highly reflective pipe channels 
approach as it can transfer more light and for longer distances. The main advantages 
and disadvantages of the system are: 
 
Advantages: 
1) Longer distance light transfer, so any space below ground level can use natural 
light, an also rooms that have no windows access can be lit even if they are in lower 
than top level.  
2) More light utilization and more flexibility to send the light to different spaces due 
to the ability of installing the fibre optics in different angles and routes. 
3) Requires minimum number of light collection stations, which means less effect on 
the roof structure.  
4) The collectors can be made to track the sun during the day which allows maximum 
light collection throughout the day. The tracking system is powered by low power 
motors that can be supplied energy from small solar cell panels.  
5) Fibre optics are considered maintenance free systems on the long run, so the 
system can be more sustainable.  
6) Since, the fibre optic bundles have several lines, then, each line if needed can be 
connected to one end light source inside the room depending on the light needs. 
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Hence this allows the light to be used more efficiently inside the room and can be set 
at different directions and locations.  
Disadvantages:  
1) Initial cost associated with installing the fibre optics system is relatively high.  
2) Even though, the fibre optics can carry the light without losses for much longer 
distances than the reflective pipe channels; they are still limited with a maximum 
distance of 6 meters in the horizontal direction without losing more than 35 % of the 
light.  
3) Installation requires professional technicians. 
4) The electrical motors needed to change the collector’s angular position to track the 
sun will require maintenance on the long run. Extra moving components on the 
system; such as, solar tracking, will increase the long term maintenance costs of the 
system. 
Japan has a successful story using this system. One of the most famous 
providers for this system is Himawari La Forêt Engineering Co, Ltd. This company 
can install this system for small, midsize and large buildings. Since this system uses 
convex lens to focus the light inside the fibre optics line then it can eliminate the Ultra 
Violet light component from the natural light due to the chromatic behaviour of light. 
With the UV light elimination then the natural light transferred inside buildings is 
safer and does not have all the downsides that some people get from natural light in 
open space. Also, the heat effect is not present here especially the light is focused in a 
small area, this is due to the fact that the infrared rays are also eliminated to a certain 
level. By eliminating part of the IR spectrum in the transmitted light then no 
considerable heating effect can occur from using this system.  From the previous 
discussion, by using fibre optics, the UV and IR contents from the natural light could 
be eliminated. This will lead to minimized direct effect from the light like bleaching 
effect and skin cancer risks; which result from UV light component. Also, the running 
costs of buildings will be minimized as there is no heat introduced from using the 
natural light in this method due to the reduction of the IR rays. Compared to artificial 
light, which raises the temperature of the interior space directly as some of the energy 
is converted into heat which has direct effect on the air conditioning system; 
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especially, in large spaces with large number of light sources inside buildings. This 
natural light system can then save on the building running costs by reducing the 
number of artificial light sources used during the daytime, and also by reducing the 
heat generated from regular light sources such as using Tungsten light bulbs. The 
main components of the fibre optics system are shown in Figure 5.  
 
 
Figure 5: Himawari La Forêt Engineering Co., Ltd. (a) collector (b) collectors on site (c) 
fiber optic cable. 
The outdoor collector (Figure 5a) is able to catch the maximum quantity of 
sunlight due to the possibility to rotate and track the sun throughout the day as it is 
equipped by internal clock mechanism and a sun-sensor. When the weather is fine the 
location of the sun can be ascertained by the sensor, otherwise the sun position is 
determined by internal clock mechanism. The sunlight is concentrated by the system 
of lenses which are connected to the fibre made of cables quartz glass being able to 
transmit the visible rays with very little attenuation.  
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2.7 Light Material Interaction 
 Light is an electromagnetic wave that travels through space in different 
directions, quantities, and frequencies. With this nature, light is composed of a wide 
spectral range that can be divided into several types upon the frequency component 
forming the light. Generally, light is categorised as Ultra Violet, to visible, to Infra-
Red. In the infrared region one can find sub categories as near IR, mid IR and far IR. 
All of these categories depend strongly on the light frequency. The magnitude of light 
plays a role in light intensity and how much the light is shiny, or dim. For example, 
the sun appears to be shiny as the light intensity is very high, while the moon appears 
to be dim compared to the sun as the light intensity seen from the moon is much less. 
Figure 6 below shows a schematic of the Electromagnetic spectrum that consists of all 
light parts classified by their wavelength. From the figure it is mentioned that the 
visible light portion of the electromagnetic spectrum is very small compared to the 
full spectrum.  
 
Figure 6: Light spectrum schematic19. 
The human eye which is considered a light detector is able to detect (or see) 
light in certain range from the light spectrum. The visible light range is between 400 – 
800 nm. Figure 7 below shows a schematic diagram presenting the visible light 
spectrum. From the diagram it noted how the visible light itself is formed from 
different colours, again depending on the frequency of light. From the visible light 
spectrum blue light has the shortest wavelength which carries higher energy photons 
but less number of them. On the other side, the red light has the longest wavelength in 
the visible region which has less energetic photons but much larger number of them. 
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Therefore, in the entire light spectrum the number of photons increases when moving 
from left to right. Therefore, red light and infra light are more responsible for heating 
light. While violet and ultraviolet light have energetic particles which are responsible 
for damaging human skin and causing adverse effects such as skin cancer. 
 
 
Figure 7: The visible light spectrum and its components20. 
In general, any incident light on any material may face in general three 
behaviours, Reflection, Absorption, and Transmission. The reflection is the change of 
light direction that occurs when the material surface is very shiny and consists of 
materials that are weak absorbers or transmitters. The reflected light is bounced back 
into a different direction like throwing a tennis ball on the wall. There are several 
applications for high reflective surfaces such as mirrors, reflectors for concentrated 
solar power units, and other applications. On the other side, the light absorption is the 
ability of the material to take up the energy of the incident light and convert to 
internal energy. Depending on the material, it may experience an increase in 
temperature or emit the light again but in a different wavelength; like glow in the dark 
clock arms. Transmittance occurs when incident light interacts with transparent 
materials like glass and passes through.  
Material properties play the main role in determining the nature of the 
interaction with light. Metals and ceramics tend to be reflective; however, if the 
surface is not well polished they will absorb more light than reflect it. Similarly, 
whether the material is transparent, semi-transparent or opaque controls how much of 
the light is transmitted. A schematic showing the three phenomena that occur when a 
material is subject to light is presented in Figure 8 below. 
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Figure 8: Light matter interaction phenomena. 
The three phenomena shown in Figure 8 above are not exclusive and can 
occur together. Some types of materials face the three behaviours, while others face 
one or two of them. Interaction with light obeys the rules of energy conservation. 
Therefore, the sum of the parts; absorption (A), reflection(R), and transmittance (T), 
must be equal to the whole of the light that falls upon the object as shown in equation 
1. 11 
 
 A + R + T = 1.                           … (1) 
 
In materials such as lenses light has to pass through the lens with minimum 
reflection and absorption, so the materials are chosen to have transmission to be 
almost one, and both the reflection and the absorption are approaching zero. While in 
reflector materials the value of the reflection has to approach one while the other two 
values need to approach zero. Likewise, in totally opaque materials the absorption is 
very high while both of the transmission and the reflection approach zero. Other types 
of materials are designed to have different values such that the material can be used in 
certain applications. For example, light filters are found to have different values for 
absorption, reflection and transmission depending on the filter value.  
Some types of applications require the design of the material to absorb the 
highest amount of light in the most energetic spectral range such as in solar cells to 
generate the most energy. Additionally, other materials are designed to transmit the 
visible light totally while offering absorption or transmission to the Ultra Violet light 
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as in the window glass12. Hence, only the application defines how the materials used 
can designed to best fit the function.  
The proposed system, therefore, has different components that are required to 
be designed differently to accommodate their function. The material used in the light 
collector, then in general has to be transparent so it passes all the incident light, while 
focusing this incident light in a certain point where it can be used after that. Once the 
light is collected efficiently in a certain area, the method used to transmit the light to 
room has to be highly efficient. Therefore, it is required to have a highly reflective 
material that can reflect the entire incident light to it without any absorption or 
transmission losses. Therefore, a new concept that utilizes both phenomena has to 
be presented to maximize the overall system efficiency to transmit natural light 
from the collection point to the end usage point. 
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Chapter 3: Concept Development 
In the previous section, two types of sun light collection and transfer are 
presented. The first one was related to the high reflective pipes by Solatube 
International Inc., Slovenia and the second one to the optical fibres by the company 
Himawari La Forêt Engineering Co. Ltd, Japan. We could recognize advantage and 
disadvantage for the both systems. We can highlight the low efficiency from the sun 
tracking point of view as well as notable losses of the sun light within the transfer 
zone as main disadvantage of the Solatube International Inc. system. The approach of 
the Japanese company is more promising from an efficiency point of view, but the 
costs of optic fibres are a disadvantage; making the system though very efficient not 
that attractive for the customers.  Therefore, the main idea of this project is to 
combine these two approaches while incorporating some improvements creating a 
new improved approach. Namely, the idea is to use the Himawari La Forêt 
Engineering Co., Ltd.’s collector with a short piece of optic fibre cables and combine 
them with Solatube International Inc.’s pipes equipped with a system of lenses 
optimally distributed along the pipe. This way, it would be expected maximal 
collection of the sun light and maximal transfer, while reducing the prices in 
comparison to the Japanese approach. Higher costs are expected relative to Solatube 
International Inc.’s approach, however a significantly higher efficiency could be 
achieved which will reduce the running costs of the system. The main project concept 
is depicted in Figure 9 below. 
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Figure 9: Existing system versus the new proposed 
system. 
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3.1 New approach Light Collection and Transmission 
Structure  
In this section the main principles, which the project is based on, are explained 
including the basic theory of lenses and the light passage through the space. The 
segments of the new proposed system, shown as a whole in Figure 9, are separated 
and elaborated individually.  
 
3.1.1 Practical aspects of light transfer mechanism 
As mentioned before, the transfer of light in the proposed system will be 
through a series of collector-reflector stages that will be placed in the duct. The first 
stage will collect and then transmit the light to the second stage. The second stage will 
transfer the collected light to the third stage and so on. At the end, the light transferred 
can be used in one room, or can be split in different rooms. The light collection part 
here is done through a convex lens, while the reflector is a moon shaped metal 
covered with high reflective materials. A convex lens is shown in Figure 10 below, 
and also shows how the light is focused in a certain point called the focal point.  
  
 
Figure 10: Focal point formation of a convex lens. 
The focal point and the design of the lens can be done through the lens-maker 
equation which is described by equation 2 as shown below12:  
 
1
𝑓
= (𝑛 − 1)(
1
𝑅1
− 
1
𝑅2
)                                                                              … (2) 
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where f is the focal point, n is the lens’ material refractive index, R1 and R2 are 
the lens dimeters where R1 is the diameter closer to the light source, R2 the diameter 
farther from the light source. Additionally, another equation describing the focal point 
relationship with the incident light distance, and the light image that appears after the 
lens is call the thin lens equation, which is described in equation 312,13: 
 
1
𝑓
= [
1
𝑑0
+
1
𝑑𝑖
]                                                                                               … (3) 
 
Where f is the lens’s focal point, do is the object distance, and di is the image 
distance. The design of the multi stage collector-reflector system can be optimized 
from both the lens-maker and the thin lens equations. From the thin lens equation, the 
optimization of the focal point distance can be performed, and then by returning back 
to the lens-maker equation the refractive index and the lens shape design can be 
optimized. For now by focusing the discussion on the thin lens equation, as this thesis 
is focused on the system description and how the light can be efficiently transferred, 
one can assume that the light source distance from the first collector-reflector stage, 
then the focal point and the image can be obtained. The image distance is the distance 
after the focal point that we can place the second stage of the convex lens, and the 
object image is the light source that is incident on the first convex lens.  The main 
design criteria here is to know where the light is concentrated after the lens in terms of 
distance, in order for the second stage of the light transmitting mechanism to be 
placed just after the focal point. The key point of the suggested system that the convex 
lens will keep the light convergent on the focal point, and then right after the focal 
point the light rays will start to divert again. Hence, if a second stage of a convex lens 
is placed there it will take the divergent light from the first stage and focus it again on 
the second focal point. The process is repeated as much as needed until the light is 
transmitted to the fixtures in the room. In this method the light theoretically can be 
transferred to unlimited distance with minimum losses. Figure 11 below demonstrates 
how the light can be focused again and again by using the multi stage convex lenses.  
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Figure 11: Cascaded convex lenses schematic. 
A reflector is needed to be placed after each lens as each lens is not in line 
with the previous one, so the light rays needs to be redirected in the direction of the 
second lens. Taking equation 2 and assuming the focal point is 100 cm (f) from the 
first convex lens, and the light is coming 100 cm away from the first lens (do) then, 
the light image can be formed at a distance of 100 cm also, which gives a total span of 
200 cm. So, with this simple calculation, the stages of light collector reflector can be 
placed two meters away from each other to have an even light transfer for long 
distance.  
From this system one can assume the light can be transferred for very long 
distances with no limitations. However, knowing that the lens and the reflector stage 
will have very low light absorption on average 1 % from the incident light then the 
light intensity might drop to less than 50 % of the original light after 200 meters of 
transmission. Regular commercially available systems usually consider the light cut-
off transfer limit to design their systems at a maximum drop of light intensity by 40 
%. So following the general rule to keep 60 % of the light transferred and 40 % of the 
light lost one can reach with this system up to 120 meters of efficient light transfer. In 
comparison with the fibre optics which have the best performance over all other types 
of commercially available light transfer systems, then the proposed mechanism in this 
thesis will be very beneficial. Regular fibre optics channels send the light up to 20 
– 25 meters before the light quantity drops below 60 %, so it is very obvious if 
this new proposed system is built it can reach excellent results in transferring the 
light for longer distances.  
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The actual verification of the system and its reliability will be more precise if 
an engineering team can be engaged in the process to build the system and test it. The 
engineering team can take the lead to design all the spacing needed, spots to place the 
collector-reflector stages, and how to spread the light into different rooms depending 
on each room’s needs. For now, once the light reaches its final collector-reflector 
stage it will be either used all in one room, or can be split into different rooms. This 
can be done by using light beam splitters such as using different reflectors placed at 
different angles to only give each space the required amount of light needed. The light 
then can be utilized from the interior design point of view by selecting the room paint 
colour, tiles, flooring, and furniture and so on, which will be described later in the 
body of the thesis.  
 
3.1.2 Light collector 
The selection of the light collector depends on how efficient it can collect the 
light and focus it on the area that will transmit it. As mentioned above Himawari La 
Forêt Engineering Co.,Ltd.’s collector, schematically represented in Figure 12 below, 
is chosen in this work for the new light transfer system due to its ability to effectively 
collect the sun light and filter out undesired IR and UV rays. The advantage of 
blocking these parts of the incident light is to reduce the harmful effect that UV light 
causes to the human skin, and by blocking the IR light the heating effect is 
minimized. Since most of the photons are found to be in the IR range and also it is 
also composed of the longer wavelength it is easier to be absorbed by different 
structures causing the dissipation of light energy as a heat. Additionally, since UV and 
IR light are invisible to the human eye then blocking them does not affect the quality 
of natural lighting. The selected material for the glass dome, visible in Figure 12 
below, can have special coatings that can reduce the UV light by absorbing this part 
of the light spectrum.  
The collector dome can collect up to 11000 lumens peak, while large 
collectors intended for industrial buildings can reach 65000 lumens. The collector has 
a sun tracking system that can be used to change the direction of the dome through the 
day in order to maximize the light collection efficiency and to provide as much 
natural light as possible through the day. Hence it can be considered one of the best 
solutions for natural light collection compared to other systems.  
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Figure 12: Himawari La Forêt Engineering Co., Ltd.’s collector 
 
3.1.3 The light transfer system 
The focus of this work is not only related for new buildings but also for 
currently established buildings; if a new solution of light transfer is needed. The main 
idea presented in this thesis is to propose a new collector-reflector structure in which 
this new structure can be installed in regular air conditioning ducts ; schematically 
presented in Figure 13 below, in either new or old buildings. This proposed collector-
reflector light mechanism will not act as a conventional collector or a conventional 
reflector. The main idea here is that, once the light is collected from the main 
collector that is fixed on the building’s roof, the light is directed inside the air duct; 
where these small collector-reflectors will take this light again (note that the light is 
now already inside the air duct) to focus it on a small reflector that is attached to it. 
The reflector now reflects this incident light to the next stage of collector-reflector 
that is attached in the air duct at different position further down in the direction of the 
desired destination. All collector-reflector units can be placed in a way to allow for 
maximum light distance transfer and ensure minimum losses from the transmitted 
light.  The proposed method will require validation from a practical and experimental 
point of view to make sure the proposed system can work in real life as expected.  
In this system, the small collectors will take the shape of a convex lens that 
can take the light and focus it again at the reflector that is directly transfer the light to 
the next stage with minimal loses. This proposed new approach is expected to transfer 
the light to longer distances keeping maximum transfer of light without large loses. A 
general schematic showing the prosed idea is presented in Figure 13 below.  
The main idea here is to keep the light focused and collected in small areas 
while it does not cause any heat in the light collection sights.  The heating effect is 
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eliminated from the main collector that is be placed on the roof as it only transfers the 
visible light inside the duct while eliminating the IR part of it.  
 
 
Figure 13: Schematic diagram showing how the light will be transferred from the duct 
entrance point tell the light reaches its exit point. 
 
The proposed system is shown in its final form when assembling the 
technologies explained in the previous sections shown in Figure 14 below.  
 
 
 
 
Collected light from main 
collector on the building roof 
First stage small collector to 
keep the light focused  
First mirror like reflector to 
reflect the light to the second 
stage of collector-reflector part 
Second stage collector  
Second stage 
 reflector  
The light keeps propagating with minimal 
losses tell it reaches an exit point which 
the place needs to be lit, and then it will 
be divided by a light splitter to give just 
enough light to each room 
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Figure 14: Compares the proposed system of collector and pipeline to the existing system.  
 
3.1.4 System Automation 
In this section, conceptual automation systems that, at this design stage, would 
enhance the product potential and functionality are considered. The eventual product 
can be integrated in house automation systems, however, during this design stage, 
only the automation systems that have direct influence on the system behaviour will 
be discussed. Therefore, the supporting features considered are solar tracking and 
user/system interface media. The first is considered to study the system efficiency; 
while the latter is purely regarding the end user experience. 
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The functionality and ergonomics of the system can be enhanced by adding 
other features to it to increase the light collection and utilization. This can be done by 
using system automation for both the light collection and utilization inside the 
rooms14. This would add extra value to the system that can attract the attention of 
customers, and give more features increasing the system marketability. The 
automation can be performed by adding a sun tracking system, the system is insured 
to collect the maximum light quantity during the day which will be more beneficial 
from the end user point of view. The collector is then equipped with a motor to 
position it towards the sun all through the day, light tracking sensor, power source, 
and a Microcontroller that can process the sensor input data and drive the motor 
accordingly15.  
The selection of the motor and the photo sensor to change the angular position 
of the light collector can be done with the help of an engineering team. A small solar 
cell panel can be used as the power source for the automation components. Small 
solar panels are easy to install and do not add much extra cost to the overall system 
cost. This will allow the system to be self-dependent; i.e., does not require any 
additional power requirements6. The solar panel can also be equipped with a battery 
to store the extra power to be used when needed in cloudy days, or during the night 
time to allow the collector to go back to its initial position after the sunset to be ready 
for the next morning.  
The main control unit that can be used to perform all the system functions and 
that can also be used with sensors placed inside the internal rooms is a Raspberry Pi 
Microcontroller. This type of the Microcontroller family is low cost compared to 
other relevant devices available on the market and has relatively high performance 
compared to cost. It can take data from several inputs (sensors) analyse it and 
respond according to the input data in real time. For example, the internal rooms can 
be equipped with light sensors and smart switches to change the light intensity inside 
the room depending on the room needs. Motion sensors can be installed also to check 
if the room is empty so the light can be dimmed, or to increase the light if there is 
activity in the room. The presence of the light detector outside with the sensors inside 
the room can allow the Microcontroller to turn on or off the air-conditioning units, 
enhancing the power utilization.  Also, it can be used to reduce the movement of the 
collector to collect more light if there is no one present inside the building which will 
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lead to longer life time of the mechanical parts used in motor and the light collector 
part16,17.  
Moreover, the automation will allow control over the artificial light source by 
controlling its intensity when needed or turning it off completely if the natural light is 
giving enough lumens to each room based on the room requirements. The selection of 
light levels and other options can be added to the automated system depending of the 
end user needs. 
The amount of the light in a room will be determined by a sensor which feeds 
the information to the microcontroller. The Raspberry Pi will further control a 
venetian blind on windows and both natural/artificial light lamps in room to keep the 
lighting at the desired level. Maintaining standard levels of light is firstly done 
through changing venetian blinds status by opening/closing tasks. The system will 
return the blinds to their original status knowing that the Pi will calculate the 
difference between minimum read light and the minimum standard light needed for 
the room and determine through these readings the needed light emission from natural 
light lamps, so the lamps start to increase the amount of light emission to stay in 
standard range. If the light reaches more than maximum standard lux in room; the 
system will reduce the light firstly through gradually closing the venetian blinds then 
reducing light emission in room.  
Light values are not static values, so the Pi shall sustain static light emissions 
according to the usage of room. Appendix 1-A shows a simple algorithm that 
simulates this idea. A Raspberry Pi module is shown in. 
The system is intended to operate as shown in the flowchart in Figure 15  
below. In the system the user is allowed to choose between 3 options for every room. 
These are: 
1) On: where he can turn the lights on to maximum in that room 
2) Off: which turns the system off. 
3) Auto: In which the user is allowed to set his own desired level of illumination. The 
system will then control the windows and reflectors to preserve the desired level of 
illumination. 
Currently, this is a conceptual design that lays down the broad strokes for the 
current system potential and how the user can interact with the system. After, the 
prototyping stage the user interface can be modified or enhanced if additional features 
are included in the prototype. 
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Figure 15: Flowchart describing the operation of the final system 
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The system could be supported by a phone application and controlled by the 
user. The concept of application interface is proposed in Figure 16 below. The first 
application page contains four bottoms. By pressing the button Ground floor, the new 
page opens offering an option to select the room at this floor. By selecting the room, 
the new page opens offering the option to set the light intensity in the room and also 
the option to switch on/off the light. You can go up/ down to choose the room 
number. By selecting the bottom home at home page, the light in the whole building 
can be controlled at once by switch it on/off. 
 
 
Figure 16: Conceptual User Interface Design
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The general specifications of Raspberry Pi 3 are: 
- 1.2 GHz 64-bit quad core. 
- 1 GB RAM. 
- 4 USB ports. 
- 40 input and output pins. 
- HDMI and Ethernet ports.  
- Camera and display interfaces. 
- Micro SD slot to add extra memory. 
- Wireless LAN and Bluetooth built in. 
 
 
 
The general specs mentioned above make this Microcontroller one of the best 
options for the system automation. It allows the interface with up 40 ports such as 
sensors, motors, switches and so on. Since it has wireless and Bluetooth capabilities 
it can be used in large buildings by setting up several Raspberry Pi’s that can talk to 
each other and share information in order to have fully atomized building. One of 
the good features it has the ability to store data on an SD card meaning that one can 
have full study on the light usage inside the building which can help in the power 
consumption optimizations, and on the air conditioning design and installation. The 
system can be also connected to a touch screen to have an interactive experience 
with the end user to allow the selection of light levels and other options that can be 
added to the automated system. The conceptual schematic of the system operation is 
shown in Figure 18 below. The connection between the controller and the user can be 
established over Wi-Fi or broadband which is available in almost every building 
nowadays.
Figure 17: Raspberry Pi microcontroller chip 
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Figure 18: Conceptual schematic of  
the system design automation
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3.1.5 Night operation mode   
Solar cells are transducers used to convert the solar energy (sun light) into 
useful electrical energy that can be directly used during the generation time or can be 
stored in batteries for a later use18. Solar cells use the photovoltaic effect for this 
process in which light is used to excite electrons in the solar cells materials to produce 
electricity4. However, the operations of solar cells are out of the scope of this study; 
therefore, will be treated as a battery. 
Moreover, there are different types of solar cells; and each of these solar cells 
has its operating conditions, and characteristics. For best selection of type of solar 
cells different studies can be carried out for the location of the building to decide on 
the type of solar cell, area of solar cells required, and battery bank selection. Hence, 
different locations and weather conditions can affect the decision of using solar cells 
in certain places. Despite all these differences and conditions that need to be taken 
into consideration, there is one main benefit of using solar cells which is to generate 
electricity that can be used directly or when needed by storing it in the battery bank 
system. A schematic representation of a solar cell system is shown in Figure 19 
below. 
Figure 19: A schematic diagram of a solar cell system connected to house applinaces21. 
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Since solar cells can generate electricity to be stored in batteries for later use, 
then the suggested concept in this thesis is to have a hybrid system that can utilize the 
natural light during the day to lighten the building interior space. In parallel to the 
natural lighting system, the solar cells are used to generate electricity that is stored in 
batteries. This electricity is then used during the night time when there is no sunlight 
to operate artificial lights inside the building. So, during the night time the building is 
lit by the electricity stored during the day just as in any other regular artificial lighting 
scheme.  
The switch between solar cells operating artificial lights and switching back to 
natural lights when the sun rises again can be either performed manually or by using 
an automated system to turn the building into a smart building. The smart building 
concept will require the use of a microcontroller to collect the data from different 
sensors mounted in different rooms and on the building roof in order to make 
decisions. The sensors can be photo sensors that can sense the level of light inside 
each room, motion sensors to know if there are any users inside the rooms and other 
sensors based on the building needs. Again, each building is a special case study that 
may require different sensors to maximize the usage of natural light and the energy 
stored in batteries from the solar cells. When using a smart control scheme to operate 
the building one can ensure using the required amount of light needed in each room 
during the day, and night. The energy utilization during the night time can be very 
handy to save the energy that is not used by the lights to operate other electrical 
appliances in the building such as air conditioning, washers, refrigerators, freezers, 
TV’s, computers etc. Combined with the natural lighting, the solar cells can have high 
influence on the power utility bill to bring down to levels that can pay back for the 
initial cost in short terms.  
 
3.1.6 System sustainability 
The sustainability of the system is of importance to make buildings greener, 
more environmentally friendly and to reduce the running costs especially in large and 
multi-story buildings15. To enhance the sustainability of the system transparent solar 
cell panels can be installed on the building windows. The solar cell panels will be 
responsible to collect light and produce electricity throughout the day. These 
transparent panels can be installed on all the building windows to increase the 
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electricity generation. The generated electricity can be either used directly from the 
building to cover the air conditioning needs or can be stored in batteries to be used 
later during the night time. In this method the artificial light can be powered freely 
during the night time from the generated energy during the day6,14.  
The usage of transparent solar cell panels on the windows will allow more 
space utilization as no need to use the building roof or a space on the ground to install 
these panels. So most of the outer space will remain free to be used for other purposes 
that can help the building function. One of the providers in the US is Polysolar are 
working to improve the efficiency of transparent solar cells that can be installed on 
windows. These solar cells allow the light to pass through them to keep the natural 
light entering the room but at the same time are capable of generating electricity. 
Figure 20 below shows some types of transparent solar panels. This type of solar cells 
when integrated with the natural lighting system enhances the sustainability of the 
building by lowering running costs, and also by turning the building into a green 
building. With all the pollution around us, and the increased prices of energy the need 
for sustainable buildings is of great importance. Hence, adding more features to turn 
buildings into sustainable buildings will be of great importance in the near future so as 
on the long run.  
 
Figure 20: Examples of flexible and transparent solar cells presented by poly solar systems. 
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3.1.7 System validation  
Solatube Company was contacted for the prices of their products (highly 
reflective tubes). The authorities of the company additionally calculated the number, 
length and the total price of the tubes needed to illuminate the space of the 
commercial building taken as a case study in this work (all the floors and rooms) 
which will be presented in later sections. Calculations has been based on the standard 
needed illumination of each room and their system efficiency. The company’s 
representatives and experts have expressed a positive professional opinion about the 
proposed system in this work during several meetings. Namely, they believe in the 
system feasibility and applicability based on their knowledge and experience 
declaring it as a very promising approach. Main devices proposed to be used in this 
project can be provided by this company. Their products are already validated. 
Therefore, up to this point, one can say that the concept has been proven theoretically. 
The next stage could be practical validation, which might include smaller 
experimental models, computational calculations and in the end real buildings. 
Unfortunately, the project could not be realized to the final stage as it requires certain 
financial investments and support from appropriate institutions. Additionally, this is a 
multidisciplinary project, therefore a team of experts from different disciplines should 
be formed to lead the following steps in project validation
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Figure 21: Proposed system components
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Chapter 4: Case Study 
As the project is about the usage of the sun light, the final outcome is tightly 
connected to the area of implementation. Therefore, it is important to highlight which 
area the proposed project is referred to. Namely, it is about the capital city of Jordan, 
Amman, as Figure 22 below shows. It is further important to point out the climate in 
this region. In this regard, Amman has a generally dry and hot climate. Summers are 
long and hot, while winters are short and cool. The climate characteristics faced in 
this area is the subtropical aridity of the Arabian Desert areas and the subtropical 
humidity of the eastern Mediterranean area. Therefore, the weather is sunny most of 
the year as Figure 23 below demonstrates (the minimum number of sunny days was 
12 in February 2011 for the period 2009-2017). Thus the subject area is very 
appropriate for such kind of projects. 
 
Figure 22: Amman Jordan-the area of project implementation. 
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Figure 23: Average sunny days per month in Amman for the period 2009-2017 
The following considerations were taken into account in this work: 
1) What is the purpose of -usage of natural light in lighting the interior space 
2) What are the needs and requirements-depends on the building type and its 
purpose; the project solution is different for commercial and private space 
3) Project limitations-costs, climate, technical issue  
4) Feasibility-existing and proposed system 
5) Costs-are dependent on the type of the solution, prices provided in general  
6) Choosing the most appropriate one able to satisfy the needs and to overcome 
limitations or to stay within them-proposed system 
7) Detailed planning of the space considering the requirements of each single room-
light location, furniture, windows etc. 
 
The present project deals with usage of natural light in interior space lighting 
taking into account two aspects: 1) engineering (proposal of a new idea of sun light 
capture and transfer to the desired space) and 2) design (optimal implementation of 
the proposed system taking into account specific building requirements). The first 
aspect is done and presented in the previous section (3. Practical part), while this 
section will be devoted to the proposed system implementation in a commercial 
building. A multifunctional building located in Amman, Jordan has been chosen as a 
case study, shown in Figure 24 below. Total petrol station with a market placed on the 
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ground floor, restaurant on the first floor and on the second floor an administrative 
unit of the restaurant. 
 
Figure 24: A commercial building chosen as a case study in this work. 
System implementation was determined by the existing plans of the building 
and the needs of each room. Namely, an idea was to minimally change the existing 
building plan by the proposed system implementation. Therefore, if a vertical tube is 
needed to reach the lower floors it should be placed next to the wall of upper floors. 
Furthermore, the ceiling design was kept the same in this project, i.e. the light 
positions intended for artificial light were used in this project as spots where natural 
light fixtures are to be located. To meet this requirement, location and distribution of 
the vertical tubes is proposed as shown in Figure 25 below shows. The number of the 
vertical tubes and the number of light spots on the ceiling was determined based on 
the standard illumination requirements for a specific space and the system efficiency 
which was taken the same as for Solatube International Inc. company (therefore 
minimal efficiency would be calculated; higher is expected for the proposed system). 
Table 1 below shows recommended illumination for some types of space. It should be 
mentioned that the artificial light cannot be completely removed as the natural light is 
not available during the night (if solar cell system would not be included). Therefore, 
some spots intended for the artificial light in the existing building plan were replaced 
by the natural light systems, while some were kept for the artificial depending on the 
room and the floor as it will be described below.  
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Figure 25: Side view of the building 
and distribution of vertical tubes. 
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Ground floor: A market and service rooms for car washing are located on the 
ground floor. For the purposes of this work just the market was considered. Figure 26 
right below refers to a plan for the natural light distribution in the market, while 
Figure 26 left below represents an interior design of the market. Figure 27 below 
shows the side view of the section A/A marked in Figure 26 left and right. Such light 
distribution and the number of light spots is chosen based on the space requirements 
shown in Table 1 below.  
The needed market illumination is 1500 lux (lumen m–2) according to the 
illumination requirements for such spaces as shown in Table 1 which represents a 
cumulative table for all floors. The total surface of the market is 86.4 m2. The 
Solatube International Inc.’s lamps can provide 7680 lumens. Therefore, the total 
required light spots (light tubes) is 12 as Figure 26 demonstrates. The position of light 
spots is pre-determined by previously established plan for artificial lights as 
mentioned above. For this number of light spots 3 vertical lines (marked in red in 
Figure 26 right) are needed as a consequence of the space geometry and quality of the 
light required to be provided in the market. The positions of vertical tubes were 
determined from the whole building plan as discussed above.  
Figure 28 below presents 3D renderings of the market. In the renderings, the 
effect of the natural lighting can be seen clearly integrated with artificial lights and 
furniture. Materials used for the whole interior space shown in this figure are 
presented in Table 2. 
61 
 
 
 
Figure 26: Top view of 
ground floor a) left interior 
design of the market b) right 
lighting distribution. a b
) 
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Figure 27: Side view of the section A/A. 
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Figure 28: 3D shots of the light distribution in the market. 
 
First floor: A restaurant is located on the first floor. Figure 29 below right 
demonstrates the plan for the natural light distribution in the restaurant, while Figure 
29 left shows an interior design of the restaurant. Figure 30 below shows the side 
view of section B/B. This light distribution and the number of light spots are chosen 
based on the existing floor design and the required illumination for such a space, 
shown in Table 1 below analogously to the first floor. 
Taking into account the minimum lumens that are required by the restaurant 
(provided in Table 1 below) and the total area of the restaurant (328.9 m2), the 
required number of light spots can be calculated as 22, which is shown in Figure 29 
right to fulfil requirements of 1750 lux needed for this kind of space. Illumination 
requirements of each room on this floor are calculated, in the same way as ground 
floor, by taking into account needed lumens for the room and its area as well as the 
system efficiency. To provide light to these 22 light spots 6 vertical tubes are needed 
(they are marked in red in Figure 29 left below). Positions of vertical tubes were 
determined by the whole building plan, as in the case of the ground floor, and their 
distribution is represented in Figure 29 right below. 
64 
 
Figure 31 below shows 3D renderings of the restaurant after the natural light 
fixtures are placed. Interior design of the restaurant was redesigned in this project. 
The design of the restaurant was inspired by a street look in order to recycle car 
materials. The terrace is designed as a parking spot, while the interior space as a 
street. The design of chairs was motivated by car’s look. This serves as a purpose of 
how the system can be integrated to improve the look and feel of the interior space 
and the design. Materials used for the whole interior space shown in this figure are 
presented in Table 2. 
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Figure 29: Top view of the 
first-floor a) left lighting 
distribution b) right interior 
design of the restaurant. 
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Figure 30: Side view of the section B/B. 
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Figure 31: 3D shots of the light distribution in the restaurant. 
 
Second floor: An administrative unit of the restaurant is located on the ground 
floor. Figure 32 right below is referred to as the plan for the natural light distribution 
on the floor, while Figure 32 left below represents an interior design of the floor. 
Figure 33 below shows the side view of the section C/C marked in Figure 32 right. 
Light distribution is determined by the space requirements as it was the case for the 
other two floors. 
The required office illumination is 500 lux (lumen m–2) according to the 
illumination requirements for this type of space, as Table 1 below shows. The second 
floor contains many rooms as can be seen on the floor plan (Figure 32). The total 
floor area is 306.6 m2, while the total illumination should be 3500 lux.  Therefore, it 
can be calculated that 38 light spots are needed as demonstrated in Figure 32 right. 
Similar to the first two cases, to provide light to the 38 light spots, 10 vertical tubes 
are needed and are positioned as Figure 32 right demonstrates.  
Figure 34 to Figure present 3D renderings of the second-floor space (Figure 34 
reception area, Figure 35 working area and Figure 36 an office space ). Materials used 
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for the whole interior space shown in Figures 34–36 are presented in Table 2. The 
interior design of the rooms (offices) shown in these figures has been created for the 
needs of this work, therefore does not represent an existing design.  
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Figure 32: Top view of the 
second-floor a) left lighting 
distribution b) right interior 
design of the floor. 
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Figure 33: Side view of the section C/C. 
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Figure 34: 3D shots of the light distribution in the reception area. 
 
Figure 35: 3D shots of the light distribution in the working area. 
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Figure 36: 3D shots of the light distribution in the office. 
 
Table1 : Recommended illumination and are of each room (22) 
Lumens Lux Area Length Width Room Floor 
48750 750 65 12.5 2.5 1 1 
16042.5 750 21.39 6.9 3.1 2 1 
60900 750 61.2 20.3 4 3 2 
97745 500 195.49 17.3 11.3 4 2 
26125 500 52.25 9.5 5.5 5 2 
20945 500 41.89 7.1 5.9 6 3 
15200 500 30.4 7.6 4 7 3 
7800 500 15.6 5.2 3 8 3 
28290 500 56.58 8.2 6.9 9 3 
22000 500 44 8.8 5 10 3 
15925 500 31.85 6.5 4.9 11 3 
43160 500 86.32 8.3 10.4 12 3 
402882.5 6750 721.97 118.2 69.2 Total 
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Table 2 : Used material for the provided 3D shots 
Area Floor Area 
Color of 
walls 
Flooring 
Material 
Flooring 
Color 
Booth 
Material 
Counter 
Material 
Tables and 
Chairs Material 
Standard 
Lux 
Number of 
Spot Lights 
Supermarket 1 86.39 m2 
Off white 
and Paige 
Tiles Dark 
Glossy 
Metal 
White 
Wood 
Recycled 
Metal 
1500 12 
Restaurant 2 328.94m2 Off white 
Recycled 
Rubber 
Dark None 
White 
Wood 
Recycled Metal 1750 22 
Offices 3 306.64m2 Off white 
Marble 
Ceramic 
Light 
Light 
None 
White 
Wood 
Recycled Metal 3500 38 
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Figure 37: Comparing the 
available Solatube system and 
the proposed system 
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Figure 37 above shows a comparison between the old system and the new 
proposed system if they were installed in the same building as mentioned in the case 
study. Notice the increased number of pipes and rooftop space required by the old 
system to achieve the same light output. The new proposed system is less invasive 
and more flexible compared to the available system. 
4.1 Costs  
Costs of the ducts system suitable for lighting the designed floors were 
calculated based on the prices of required equipment provided by a representative 
office of Solatube International Inc. Company. The total length of vertical tubes is 55 
m and of the horizontal is 173.4 m, therefore 229 m of ducts are required in total. For 
the proposed system 29 elbow fittings at an angle of 90 of which 5, 8 and 16 are 
needed for the ground, first and second floor respectively. The tube prices provided 
by Solatube Company is 190.9 € per 1 m, while the price of the elbow is 155 €. So, 
the cost of tubes and fittings to cover the whole building is 17662 €. Additionally, 229 
lenses are needed in total (one lens per meter of the tube). The cost of convex lens 
with 0.2 m of maximum thickness is approximately 3 €. In addition, Himawari device 
needs to be accounted for the total cost. The Himawari device cost is estimated to be 
3000 € per item. Cost of the PV system for solar tube is around 1400 €. Table 3 
summarizes the cost for all the mentioned equipment.  
 
Table 3: Costs estimation of the entire proposed system. 
Cost of 
items 
Amount Price per one Item Items 
13167 € 228 m total (55 m vertical and 
173 m horizontal) 
190.9 €/1 m Pipes 
4495€ 29 in total (5, 8, 16 per floor) 155 € Angles 
50€ 1 One is needed Raspberry Pi 
700€ 229 (56 in vertical, 173 in 
horizontal tubes) 
3 €/piece Convex Lens 
12000 € 4 3000 € Himawari 
1400 € 1 1400 € Solar Tube System 
31812 € Total costs 
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The average sunlight per year in Jordan is 3602 sunny hours per year and the 
cost of electricity in Jordan is 0.34 €/kWh. The collector can provide 63360 lumens. 
The total illumination needed for the building (all three floors) is 248690 lumens. So 
in order to cover this amount we need 4 devices at least. In addition, we save 4750 
lumens via solar cells which allows on-site electricity production and system 
operation overnight.  
To calculate the total cost, we should also consider savings through reducing 
electric usage on lighting for households and commercial buildings. The project shall 
supply light during the daylight period and produce the remaining light in the form of 
electricity. To achieve that, we need 229 lenses to transmit the light through pipes as 
highlighted above. To light up the space (rooms) of the building, lamps of 12 kW will 
be needed taking into account a lamp efficiency of 20%. This amount of watts will 
cost around 15228 € per 3602 sunny hours per year in Jordan. This means the system 
can save 15228 € in electricity usage compared to artificial light. In addition, the 
system saves 4750 lumens over the period which means it will save an approximate 
amount of 855 kW per year, as shown in Table 4. This will save an extra 69 hours of 
light in the PV system that can be used in accordance of user needs. The total cost of 
the system is around 18000 € which means the system can repay the capital 
investment in two years. Figure 38 below represents SWOT analysis for the project. 
 
 
Table 4: Savings on electricity within one years. 
Source kW Costs, € Savings per year 
Savings,  
€/2 years 
lamp 12 15228 4750 lumens 855 kW 69 h 15228 
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4.2  SWOT analysis 
 
Figure 38: SWOT Analysis of the project. 
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Chapter 5: Results, Conclusions and Future Work 
In summary, this thesis discussed the importance of using natural lighting 
systems in illumination of buildings. The use of natural light is very important to the 
health, environment, sustainability and running costs of buildings. Different types of 
natural lighting systems were studied and assessed through checking different 
companies and providers worldwide for such systems. These systems differ from each 
other by the concept of light transmission in interior space.  
In addition, a new method of light transfer has been proposed which is based 
on using lenses and the design of the focal point position and using highly reflective 
materials to direct the light inside tubes such that the light can be transferred to longer 
distances than regular available commercial products. The suggested system has a 
high potential to replace current methods of light transmission in order to increase the 
efficiency and also to transmit the light for longer distances.  
Sustainability and smart building concepts were also discussed in order to 
enhance the performance of the overall building and to have more utilization of the 
available light during the day. Also, a discussion of solar cell systems is provided to 
enhance the sustainability of the case study in order to reduce the running costs of the 
building during the night time by using the energy produced by the photovoltaic 
system during the day. The smart system shall consider three case scenarios 
depending on user desires. One is related to meeting the standard illumination 
requirements by natural light and converting the exceeded light into electricity (solar 
cells panels), another to the control of artificial light and meeting the same 
requirements, and the last one is referred to meeting real-time responses for light 
power control issue. By using solar cells additionally, the system can collect sun light 
energy and convert it to electricity. The produced electrical energy can be used for 
running the whole system or other needs of the building.  
This project shows high importance of the concept of delivering sunlight to all 
locations in the buildings, for example ground and sub-ground floors that receive low 
or no sunlight. The idea will solve such an issue by insuring that each location of the 
building receives a fair amount of sunlight during the day. Employment of convex 
lenses and 90o elbows should provide more efficient light transmittance from the 
collector till the final point. The proposed concept deals also with the saving of the 
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energy excess and using this energy for the night mood. The system should save the 
costs of electricity and supply same amount of lux. 
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Povzetek 
Svetloba je medij, ki omogoča vizualno zaznavanje. Glavni vir naravne svetlobe na 
našem planetu je sonce, ki nam daje energijo, potrebno za življenje. Poleg sonca, tudi 
luna in zvezde do neke mere osvetlijo Zemljo, vendar to ni dovolj za uspešno 
opravljanje vsakodnevnih dejavnosti niti za ohranitev življenja na Zemlji. V skladu z 
izboljšanjem človeškega življenja je umetna svetloba postala ključna za sodoben 
življenjski slog. Vendar se danes človeštvo srečuje z vedno hitrejšim širjenjem mest, 
kar pa terja veliko časa, preživetega v zaprtih prostorih. V zvezi s tem, se veča 
zanimanje za uvedbo naravne svetlobe v zgradbah. Poleg tega obstajajo še številne 
druge koristi uporabe naravne svetlobe, zlasti z vidika trajnosti, vpliva na okolje in 
zdravja ljudi. 
Glavna ovira pri uporabljanju naravne svetlobe za razsvetljavo notranjih prostorov je, 
kako osvetliti prostore, ki niso vidni od zunaj, npr. prostore brez zunanjih sten. 
Obstaja več načel, ki ponujajo rešitev za premagovanje tega problema, toda ni 
zagotovila, da so te rešitve dovolj učinkovite, saj je za vsak tak primer vse odvisno od 
zgradbe same. Zato bodo v tej tezi stavbe razdeljene v dve glavni kategoriji. Prva 
kategorija, ki jo je treba upoštevati, je enonadstropna stavba. Pod drugo vrsto pa 
spadajo večnadstropne stavbe, od dveh do več nadstropij. Zato bodo upoštevane 
rešitve za oba tipa stavb. 
Namen te naloge je bil razmisliti o možnostih za osvetlitev notranjih prostorov z 
naravno svetlobo in poudariti njihove prednosti. Analizirali smo vrste svetlobnih 
naprav, ki se uporabljajo pri načrtovanju osvetljave notranjih prostorov, in njihove 
učinke. Predlagana rešitev za napeljavo naravne svetlobe v enonadstropne in 
večnadstropne zgradbe je namestitev sistema, ki je sestavljen iz zbiralnika, 
nameščenega na strehi, in sistema cevi z optičnimi vlaki. Zasnovani sistem lahko 
dostavi 11.000–65.000 luksov vsaki sobi. Analiza stroškov sistema je bila izvedena in 
primerjana s prej razpoložljivimi rešitvami. Poleg tega smo razpravljali o različnih 
izvedbenih tehnikah in predstavili primerjavo med različnimi metodami. Na koncu so 
predlogi o tem, kako lahko naravno razsvetljavo čim bolje izkoristimo.  
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Poglavje 1: Predstavitev 
 
V zadnjih stoletjih je svetloba postala pomembna raziskovalna tema. Področje 
svetlobe se je v teh letih ukvarjalo z dvema izstopajočima problemoma: z izkoristkom 
energije in kvaliteto svetlobe1. Razvoj svetlobne tehnologije nam ponuja nove rešitve 
za fleksibilno, dinamično in osebno uporabo. Tehnološki dosežki in napredne 
svetlobne rešitve v prihodnosti bodo omogočale optimizirane svetlobne nastavitve za 
uporabnike v odvisnosti od časa v dnevu, okoljskega konteksta, vrste aktivnosti in 
posameznikovega razpoloženja. Z drugimi besedami, takšni sistemi ne bi smeli 
upoštevati samo vizualnih zahtev, temveč morajo inkorporirati tudi bio-psihološke 
zahteve2. Zaradi tega se morajo industrijski oblikovalci danes soočati z izzivi kot so 
oblikovanje privlačnega, dobro osvetljenega prostora, ki hkrati porabi minimalno 
količino energije. Strokovnjaki za oblikovanje svetlobe so v veliki meri cenjeni zaradi 
sposobnosti, da lahko zadostijo zahtevam po visoki kvaliteti svetlobe; predvsem za 
naloge, ki se osredotočajo v glavnem na orgonomijo in razpoloženje. 
Aktivnosti, katere se bodo izvajale v prostorih, ki jih oblikujemo, morajo 
ustrezati določenim zahtevam. Svetloba je pri tem kritična komponenta. Načeloma je 
okolje lahko razsvetljeno na dva načina, naravno ali umetno. Kadar oblikujemo 
notranje prostore so stvari kot so orientacija oken, njihova velikost, zunanje solarne 
naprave in površina objekta predeterminirane. Kljub temu ima notranji oblikovalec 
kritično vlogo pri oblikovanju notranjega prostora. Ob tem mora zadostiti kriterijem – 
prostor mora biti vizualno udoben. Postavitev svetlobnega sistema mora upoštevati 
različne elemente, kot so aktivnosti, čas uporabe in orientacija stavbe, za to da bi 
zadostili zahtevam. 
Oblikovalci morajo upoštevati kvalitativne in kvalitativne aspekte v odnosu na 
naravni vir svetlobe in najboljši način za njegovo izkoriščanje. V oblikovanju 
notranjih prostorov je načeloma vizualni izgled najpomembnejši faktor. Oblikovalci 
se v glavnem koncentrirajo na barve, materiale, oblike, razsvetljave itd. Ostali vidiki, 
kot sta npr. vonj in zvok, niso podrobno obravnavani. Kljub temu zahtevajo 
minimalno obravnavo, saj brez njih prostor ne bi bil udoben. Poleg naštetega je 
potrebno vedeti, da je naravna svetloba najboljša, saj vpliva na zdravje in psihično 
razpoloženje ljudi. Zatorej mora oblikovanje slediti normam, ki jih postavlja nivo 
udobja v prostoru in se nanašati na vse, tudi nevizualne aspekte. 
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Poglavje 2: Ozadje problema 
 
Glede na to, da so energijski viri omejeni in se ljudje danes srečujemo z 
velikimi okoljevarstvenimi problemi, morajo biti rešitve oblikovalcev v prvi vrsti 
trajnostne in okolju prijazne3. Energijski in okoljski vidiki so zaradi tega na novo 
začeli raziskovati dnevno svetlobo in jo vključevati v notranje oblikovanje prostorov. 
Uporaba in narava naravnih virov zahtevata, da jih probamo izkoristiti takrat, ko so na 
voljo. Različne oblikovne rešitve so omogočile, da svetloba lahko prodre v temnejše 
in skrite skrite kotičke stavb. Kljub temu se z večanjem stavb in večjo kompleksnostjo 
pojavljajo prostori, v katere naravna svetloba ne poseže. Če hočemo rešit tak problem, 
se moramo zadeve lotiti tako, da reševanje vključuje tudi strokovnjake iz drugih 
področij. Razvoj tehnologije prenosa svetlobe, združen z znanjem o oblikovanju 
notranjih prostorov nam odpre široko paleto rešitev, ki nam omogočajo, da v notranje 
prostore privedemo naravno svetlobo. Z inkorporacijo novih tehnologij, kot je npr. 
pasivni solarni sistem in solarni termalni sistem, združen z utilizacijo naravne 
svetlobe nam daje trajnostno rešitev, ki se lahko uporablja kjerkoli po svetu1,2,4. 
Uporaba električne energije v poslovnih stavbah  ne predstavlja le bremena za 
električno omrežje, temveč obremenjuje tudi okolje, saj se ob proizvajanju svetlobe iz 
električne energije sprošča tudi veliko toplote. To zahteva dodatno hlajenje 
prostorov5,6. Stroški uporabe prostorov se lahko drastično zmanjšajo, če smo sposobni 
dobro izkoristiti naravni vir svetlobe. Poleg tega svetloba v različnih spektrih, kot smo 
že omenili, v veliki meri vpliva na fizično in psihično stanje človeka. Naravna 
svetloba je asociirana z boljšim razpoloženjem, nižjo utrujenostjo in z zmanjšanjem 
stresa. Zaradi tega je industrijsko oblikovanje postavljeno pred izziv, v katerem mora 
odigrati pomembno vlogo pri dizajnu stavb in promovirati uporabo notranje svetlobe. 
 
Poglavje 3: Cilji 
 
Magistrska naloga se osredotoča na izboljšavo rešitev, zasnovanih za uporabo 
naravne svetlobe z združevanjem različnih svetlobnih sistemov, z namenom, da se 
razjasni in utemelji ideja o uporabi naravne svetlobe. Poleg tega naloga predpostavlja, 
da bi se udobje človeka povečali tudi tako, da bi bil sistem narejen tako, da bi 
omogočal uravnavanje svetlobe avtomatiziran glede na uporabnikove zahteve. Naloga 
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preizprašuje obstoječe notranje rešitve skladno z prednostmi, ki nam jih prinese 
uporaba naravne svetlobe. V nalogi je vsebovan dokaz, da je funkcionalni del sistema 
možno uporabiti na konkretnem primeru, na konkretni stavbi. Naloga zahteva tudi 
študij notranjega oblikovanja, saj je sistem namenjen večnamenskim stavbam z 
različnimi prostori. Primer obravnava točko, kjer se dokazuje, da bi bil sistem 
učinkovit tako v kompleksnih poslovnih stavbah kot tudi v privatnih prostorih. V 
našem konkretnem primeru smo sistem aplicirali na kompleksu, v katerem so prisotne 
pisarne, bencinska črpalka in supermarket. Vsaka izmed naštetih enot mora biti 
obravnavana ločeno, z upoštevanjem svetlobnih zahtev in zahtev, ki jih določajo 
zahteve po uporabi pravšnjih materialov. Slednje zahteve sodijo v področje notranjega 
dizajna, ki tako v kombinaciji z industrijskim dizajnom podpirajo in promovirajo 
idejo in realizacijo o večji uporabi naravne svetlobe.  
 
Poglavje 5: Zasnova koncepta 
 
V nalogi sta predstavljena dva oblikovna koncepta, ki se nanašata na končno 
obliko sistema, ki je namenjen za prenos svetlobe od vira do končnega uporabnika v 
prostoru. Prvi se nanaša na visokoreflektivne  cevi, ki jih proizvaja podjetje Solatube 
International Inc., drugi pa na optična vlakna podjetja Himawari La Foret Engineering 
Co. Ltd, Japonska. Izhajali smo iz predpostavke, da imata oba koncepta svoje 
prednosti in slabosti, ki jih je bilo potrebno prepoznati. Glavna slabost cevi podjetja 
Solatube International Inc. In njihovega sistema je v tem, da je izkoristek prenosa 
zajete svetlobe od zajema do končne točke slab. Do opaznih izgub prihaja že v 
transportni coni. Pristop japonskega podjetja je bolj obetaven s stališča učinkovitosti, 
vendar pa je hkrati dražji zaradi visoke cene optičnih vlaken. Tako postane sicer zelo 
učinkovit sistem neprivlačen za uporabnika. Glavna ideja tega projekta je tako 
inkorporacija izboljšav in združitev teh dveh konceptov. Konkretno je ideja takšna, da 
se uporabi kolektor s kratkim delom vlaken optičnega kabla podjetja Himawari La 
Foret Engineering Co. Ltd. in se ga združi s cevmi podjetja Solatube International Inc. 
Cevi so zasnovane tako, da so opremljene s sistemom z lečami za optimalno 
distribucijo svetlobe vzdolž cevi. Pričakovano je, da na ta način lahko zagotovimo 
maksimalni izkoristek vira svetlobe in njenega prenosa in tako posledično znižamo 
ceno Japonskega pristopa k rešitvi problema. Relativno na ceno podjetja Solatube 
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International Inc. je rešitev še vedno draga, vendar ceno zniža dejstvo, da veliko 
denarja privarčujemo tako, da se izognemo visokim stroškom obratovanja Japonskega 
pristopa. Slika 1 predstavlja osnovni koncept izboljšanega sistema. 
 
Slika 1: Obstoječi sistem in predstavljen izboljšan sistem. 
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Poglavje 5: Praktični vidiki mehanizma prenosa svetlobe 
 
Sistem prenosa svetlobe za predpostavljeni primer  je tak, da se svetloba 
premika preko zaporedja zbiralno-reflektivnih faz, ki morajo biti razporejene po cevi. 
Prva faza zajema zajem in transmicijo svetlobe do druge faze. Druga faza vse do 
zadnje le še prenaša svetlobo do končne faze, ki na koncu predstavlja razsvetljevanje 
prostora. Zbiranje svetlobe je izveden s pomočjo konveksne leče, medtem ko je 
reflektor v obliki meseca iz jekla in prevlečen z visokoreflektivnim materialov. 
Konveksna leča je prikazana na sliki spodaj (Slika 2). Na sliki je vidna tudi točka, 
skozi katero potujejo svetlobni žarki. Ta točka se imenuje gorišče, razdalja od leče do 
te točke pa goriščna razdalja.  
Slika 2: Goriščna točka konveksne leče. 
Oblikovna rešitev večfaznega sistema je lahko optimizirana s strani 
oblikovalca s pomočjo enačbe za tanko lečo. Iz te enačbe se namreč da določiti 
goriščno točko in njeno razdaljo do leče. S temi podatki lahko oblikovalec leče preko 
enačbe za tanko lečo prilagodi indeks odboja svetlobe. Tako lahko z oblikovanjem 
izboljšamo proces prenosa svetlobe. S temi izračuni in z razdaljo vira svetlobe lahko 
pozornost posvetimo izostritvi slike (projekcije), ki nastane s prenosom svetlobe. 
Vemo, da se projekcija originalne slike izostri na razdalji, ki je enaka dvakratniku 
goriščne razdalje. Na tej razdalji lahko namestimo še eno konveksno lečo, kjer se 
začne druga faza transporta svetlobe. Bistveni del predlaganega sistema je to, da lahko 
z uporabo konveksnih leč svetlobo kontroliramo tako, da bodo žarki konvergirali 
ravno v goriščni točki in nato spet divergirali.  Če je druga faza nameščena tako, da se 
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začne na točki, kjer je projekcija izostrena, bo žarek spet konvergiral točno v goriščni 
točki. Faza se nato ponavlja dokler je to potrebno in dokler ne pride do točke, kjer 
mora razsvetljevati prostor. S to metodo se lahko teoretično svetloba prenaša z 
minimalnimi izgubami. Slika 3 demonstrira, kako se lahko svetloba vedno znova 
fokusira v gorišču z uporabo konveksnih tankih leč.  
 
Slika 3: Shema kaskadne postavitve konveksnih leč 
 
Poglavje 5: Zbiralnik svetlobe 
 
Izbira zbiralnika svetlobe je odvisna od tega, kako učinkovito se lahko zbira 
svetloba in kako učinkovito se svetloba sfokusira in prenese v naslednje faze. Kot smo 
že omenili, je v nalogi predstavljen in uporabljen zbiralnik proizvajalca Himawari La 
Foret Engineering Co. Ltd., prikazan na sliki 4, ki omogoča učinkovito zbiranje 
svetlobe in obenem filtrira neželene UV in IR žarke. Prednost filtriranja je to, da se 
znebimo UV žarkom, ki so škodljivi za človeško kožo. Posledično povečamo udobje 
v prostoru. S filtracijo IR žarkov se prostor zaradi sončne svetlobe ne ogreva. Večina 
fotonov v svetlobi ima načeloma valovno dolžino, ki ustreza IR valovanju, vendar se 
večina te energije absorbira v različnih strukturah ali pa pride do toplotne disipacije 
energije. Poleg tega sta UV in IR valovanji človeškemu očesu nevidni, tako da ne 
slabšata kvalitete naravne svetlobe. Filter je lahko kot prevleka nameščen na povrišno 
stekla, ki obkroža zbiralnik svetlobe, kot je prikazano na sliki (#of pic) 
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Slika 4: Zbiralnik svetlobe 
 
Poglavje 5: Predstavitev Sistema 
 
Slika 5 predstavlja konceptualno rešitev za prepoznate probleme obstoječih 
sistemov. 
 
Slika 5: Obstoječa in predlagana (izboljšana) konceptualna rešitev. 
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Poglavje 5: Avtomatizacija sistema 
Predloženi novi sitem se tudi lahko avtomatizira tako kot Slika 5 predstavlja. 
 
Slika 6: Končna oblika faz v avtomatiziranem procesu 
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Poglavje 5: Rezultati, sklepi in nadaljnje delo 
 
Če povzamemo, je ta teza razpravljala o pomenu uporabe naravnih sistemov 
razsvetljave pri osvetlitvi stavb. Uporaba naravne svetlobe je zelo pomembna za 
zdravje, okolje, trajnost in tekoče stroške stavb. Različne vrste sistemov naravne 
razsvetljave so bile proučene in ocenjene s strani različnih podjetij in ponudnikov po 
vsem svetu. Ti sistemi se med seboj razlikujejo po pojmu prenosa svetlobe v notranji 
prostor. 
Poleg tega je bil predlagan nov način prenosa svetlobe. Le-ta temelji na uporabi leč, 
položaju žariščne točke in kako s pomočjo visoko reflektivnih materialov usmeriti 
svetlobo znotraj cevi, tako da se ta lahko prenaša na daljše razdalje kot redno dostopni 
komercialni izdelki. Predlagani sistem veliko obeta in ima potencial za nadomestitev 
trenutne metode prenosa svetlobe. Z njim bi povečali učinkovitost osvetljave, njegova 
dodatna prednost pa je tudi oddajanje svetlobe na daljše razdalje. 
Razprava je tekla tudi o trajnostnem in pametnem gradivnem konceptu, o tem, da bi 
okrepili učinkovitost celotne zgradbe in bolje izkoristili razpoložljivo svetlobo čez 
dan. Razprava o sistemih sončnih celic je zagotovila tudi izboljšanje vzdržnosti 
študije v primeru, da bi zmanjšali tekoče stroške stavbe v nočnem času z uporabo 
energije, ki jo proizvaja fotovoltaični sistem čez dan. 
Pametni sistem upošteva tri scenarije, odvisno od želja uporabnikov. Prvi je povezan z 
izpolnjevanjem standardnih zahtev glede osvetlitve z naravno svetlobo in pretvorbo 
presežene svetlobe v električno energijo (plošče solarnih celic). Drugi se poleg želje 
po izpolnjevanju istih zahtev veže še na nadzor nad umetno svetlobo. Zadnji pa se 
nanaša na željo po seznanitvi z odzivi na vprašanje nadzora nad močjo svetlobe. Z 
dodatnimi solarnimi celicami lahko sistem zbere sončno svetlobo in jo pretvori v 
električno energijo. Proizvedena električna energija pa se lahko uporablja za vodenje 
celotnega sistema ali druge potrebe določene zgradbe. 
Ta projekt kaže na to, kako pomemben je koncept za prenos sončne svetlobe v vse 
prostore stavb. V to štejemo tudi talne in podzemne etaže, ki načeloma prejemajo zelo 
malo sončne svetlobe oziroma je sploh ne. Ideja bo ta problem rešila z zagotovljeno 
večjo količino sončne svetlobe čez dan v vseh prostorih zgradbe. Zaposlovanje 
konveksnih leč in 90-stopinjskih komolcev naj bi zagotovilo učinkovitejšo 
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prepustnost svetlobe od zbiralnika do zadnje točke. Predlagani koncept se ukvarja tudi 
z varčevanjem energetskega presežka ter z uporabo in razpolaganjem s to energijo 
ponoči. Sistem bi moral prihraniti stroške električne energije in dobavljati enako 
količino luksov. 
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Appendices 
Appendix 1-A 
//the systems assumes than not used room is to be without lights and it waits 
till motion sensor detects usage in room. 
While (Motion Sensors is not sensing) 
{ 
Turn OFF Lights} 
Otherwise 
Calculate Minimum light values in room and it is position through light 
sensors 
Calculate Maximum light values in room and it is position through light 
sensors 
If (Minimum light values more Minimum Lux standard values and less than 
Maximum standard lux) 
//Light is in standard range 
{ 
No change required  
} 
If (Minimum light values less Minimum Lux standard values) 
{ 
 //Firstly change the window states by allowing more light in room 
Save the position of window 
While (Minimum light values less Minimum Lux standard values AND 
Window is not fully open) 
{ 
Open the windows gradually  
Calculate new Minimum light values in room and it is position through light 
sensors 
Calculate new Maximum light values in room and it is position through light 
sensors 
} 
Return window to saved position 
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Calculate the current possible emission of natural light lamps 
While (Minimum light values less Minimum Lux standard values AND 
Emission of natural light lamps is not Maximum) 
{ 
Increase Emission of natural light lamps  
Calculate new Minimum light values in room and it is position through light 
sensors 
Calculate new Maximum light values in room and it is position through light 
sensors 
} 
While (Minimum light values less Minimum Lux standard values AND 
Emission of Artificial light lamps is not Maximum) 
{ 
Increase Emission of Artificial light lamps  
Calculate new Minimum light values in room and it is position through light 
sensors 
Calculate new Maximum light values in room and it is position through light 
sensors 
} 
If (Minimum light values more than Maximum Lux standard values) 
{ 
 //Firstly change the window states by allowing less light in room 
Save the position of window 
While (Minimum light values More Minimum Lux standard values AND 
Window is not fully closed) 
{ 
Close the windows gradually  
Calculate new Minimum light values in room and it is position through light 
sensors 
Calculate new Maximum light values in room and it is position through light 
sensors 
} 
Return window to saved position 
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Calculate the current possible emission of natural light lamps 
While (Minimum light values More Minimum Lux standard values AND 
Emission of natural light lamps is not Minimum) 
{ 
Decrease Emission of natural light lamps  
Calculate new Minimum light values in room and it is position through light 
sensors 
Calculate new Maximum light values in room and it is position through light 
sensors 
} 
While (Minimum light values More Minimum Lux standard values AND 
Emission of Artificial light lamps is not Minimum) 
{ 
Decrease Emission of Artificial light lamps  
Calculate new Minimum light values in room and it is position through light 
sensors 
Calculate new Maximum light values in room and it is position through light 
sensors 
} 
If (Minimum light values more than Minimum Lux standard values AND 
new Maximum light values less than Maximum Lux standard) 
{ 
No change is required until the user request change in light amount in room  
} 
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Appendix 2-A 
 
